Abstract. Seeds of cucumber were cultivated under the influence of daily exposure to incandescent light originated from 100 W, 220 V lamp (normal tungsten filament bulb). The seeds were divided into five categories; 0, 1, 2, 3 and 4 ms far from the lamp. Each category is subdivided into four groups and exposed to the lamp for (1/4, 1/2, 3/4 and 1 hour daily). Seedlings are examined for plant lengths , plumule: radicle ratio, leaf colour, area and numbers, radicle shapes and secondary roots status after 3 weeks of germination, while analyses for fresh , dry weight , photosynthetic pigments and sugar contents carried out after 45 days of plantation. The results revealed that plant length, leaf area, fresh weight and photosynthetic pigments have been significantly affected, while sugar content and dry weight are insignificantly affected by the exposure to the lamp. To show the most optimum distance and time of exposure for each investigated character the results were analyzed using Response Surface Analysis (RSA) and SpineFitting (SF) analysis and an ANN models.
Introduction
The use of modern technologies and different types of lamps causes continuous exposure to electromagnetic fields (EMFs) and photoelectric waves, generated from different sources. These exposures may affect the public health and living creatures as well as plant appearance and sometimes to species diversity and extinction. Many Works were done to investigate the effect of both electric and magnetic fields on living creatures. The international programme of chemical safety [1] , pointed to the emission of small amount of ultra violet rays from home lamps, and this may cause some disorders to living creatures. In spite of that, they considered the amount of UV rays emits from the tungsten filament lamps are generally negligible with the human health [1] , and they continued their investigations on the effects of other sources of UV rays. The same was mentioned by [2] , as the electric current passes through the low pressure gases, it emits quite a bit of ultra violet rays.
The EMF Interface [3] , studied the harmful effect of electric and magnetic field originated in the wires due to switching light and appliance on and off. The research teams concluded that peoples must stay 4 feet away from all electrical devices and wiring in the bedrooms, including digital clocks and lights such as fluorescent, halogen and high intensity reading lights to avoid the exposure to electromagnetic fields. They pointed out to the presence of an electrical field which radiate all the time in lamp which may affect all the living organisms present.
Bugbee [4] , studied the differences in radiation quality from the six common electric lamps; Low Pressure Sodium (LPS), High Pressure Sodium (HPS), Incandescent (INC), Cool White Fluorescent (CWF), and Red Light-Emitting Diode (LED); compared with sunlight and their effects on plant growth and photosynthetic pigments contents. He found that radiation quality alters plant growth through its effect on internodes elongation, while it has little effect on photosynthetic rate. Berekly [5] , pointed to the release of mercury into the environment from the regular incandescent light bulbs which harm the environment. Afterwards, [6] , found that the incandescent light is healthier than the other sources of electrical lights. As the incandescent light bulbs consist of a glass bulb, emptied from air and filled with an inert gas like argon, in which a spiraled super-thin tungsten filament is heated by electricity until it glows.
However, the incandescent light bulbs may emit a bit of both ultra violet rays and mercury beside heat into our environment [1] and can harm both plants and animals. For that we started our experiment to investigate the effect of the exposure to an ordinary 100 W electric lamp (normal tungsten filament bulb) as one of the most widespread source of light used, for fixed times daily, during germination of Cucumber seeds on some growth characters, photosynthetic pigments and sugar contents.
Materials and Methods
Seeds of Cucumis sativus L. (Cucumber plant) were selected as a sample plant for its fast growth and easy observable characters. The seeds have been divided into two categories, the first one contains 500 seeds, is dry seeds. This category has been exposed to an electric lamp (F=100 W, 220V) during the germination period, which lasts for three weeks, from different distances: 1, 2, 3 or 4 meters. At each distance the pots exposed for 1/4, 1/2, 3/4 or one hour daily till the emergence of the first two foliage leaves. The second one is the Blanc which germinated under normal conditions. Twenty five seeds from all the above mentioned divisions ( Fig.1 ) with different exposure times are planted in pots (25×27 cm.), and filled with 1:1 sand: Pitmos each with five replicas. The pots have been put in circles to ensure that all of them are exposed to the same force. A 100 Watt electric lamp 220 V. has been deposited in the middle of each circle, all pots are irrigated with 500 ml. tap water every 24 h.
Measurements and descriptions are taken for ten seedlings after 3 weeks of germination, while analyses have been carried out in young plants arisen after 45 days from the beginning of the experiment. Means of the measurements are calculated and listed in the Table 1 . Characters investigated are as follows:
1-Measuring the length of the seedlings from the end of the top to the growing point in the root in cm.
2-Ratio between radicle and plumule lengths (R: P). 3-Radicle shape. 4-Secondary root status. 5-Color of the first foliage leaves. 6-Total number of leaves after 45 days. 7-Leaf area for five middle leaves from each pot. 8-Fresh and dry weights for ten plants from each treatment (after 45 days) in gram.
9-Photosynthetic pigments (chl.a, b, total chlorophyll and carotenoides) [7] . 10-Total sugar content [8] .
The results have been analyzed using Response Surface Analysis (RSA) and Spine Fitting (SF) of Statistica. [ 7, [9] [10] [11] . This (RSA) analysis is used to the identified pattern to develop quantitative models of the investigated phenomenon. Specifically, the curve revealed by the smoothing procedure often consists of segments that cannot easily be described by one function (e.g., such as a particular polynomial or logarithmic function). However, the segmentation, and the nature of the component curves (in the consecutive segments) may contain interpreTable information about the investigated phenomenon, and a linear or nonlinear piecewise regression function can be developed to account for (and predict) the process in question. The model suggested by the results of such analyses can then be quantitatively verified in a nonlinear estimation analysis. For bi-variant data sets (correlations that involve two variables), to determine the curve, the Spine procedure solves cubic equations for every point at a regular interval. A minimum of at least 3 data points are necessary to perform a Spine fit; the algorithm ignores overlapping data points.
Results
The results are summarized in the Tables 1 & 2 . From photographs 1-4, it can be noticed that the emerged seedlings of one m distance pots were taller than the control in the four times of exposure. Whereas, the plants at the 2, 3 and 4 m far, were either shorter than, or nearly equal to, the control plants. The length of the seedlings is due to the expanded plumule as obvious from P:R ratio. The radicles are mostly slightly curved but in those exposed to lamp at 2 m distance at all exposure times, and 4 m. distance for 1/2 h. and 3/4 h become straight. Secondary roots are few or moderate in density, except in 1/4 hour exposure time at 3 and 4 m distance from the lamp. While 1h. exposure time at 4 ms distance, they become dense (Photos 1-4).
The leaves are either olive green, or green which after 45 days, five or four foliage leaves emerged, except in 1 and 2 m distance pots, all exposure times, there were 3 foliage leaves only, which are less than the control. The total number of leaves becomes as the control in the 3 and 4 ms distances pots, in all times of exposure.
The fresh weight of the plants increased in most of the exposure times and distance (Table 1) while the dry weight was not affected greatly.
Photosynthetic pigments were affected as well, since chlorophyll a has increased in short distance plants in all exposure times and decreased in long distance (4 
Fig. 2. (2 ms).
Relations between distances and exposure times and characters of the tested plant after 45 days are drawn to illustrate how much the investigated character was affected by the time of exposure to the electric lamp. Figure 1 shows the values of the characters compared with the control under different exposure times at 1 m distance. From the Fig. 1-4 it can be noticed that both plant length (char. 10), and leaf area (char. 12) are the most affected ones, as the maximum increase in plant length after 1 h exposure while that in leaf area after 3/4 h exposure at 1 m distance (Fig.1) . While in 2 and 3 m distance the maximum increase in plant length was after 1/2h exposure, and leaf area after 3/4 h exposure ( and 1/2 h exposure (Fig. 3) . At 4 m distance, there were no significant differences according to the time of exposure, except in leaf area only, where it increased significantly after 1 h exposure. Analysis of the data using RSA and SF programs gave the illustrations of each character with the response to both time and distance. Meanwhile, the ideal length and exposure time for each character are calculated using ANN models and listed in Table 2 . Table 2 shows that the best length of the plant can be given if the pots are put at 1 m distance from the electric lamp with an exposure time 0.25 h, the same distance of the pot gave ideal carotenoides at 0.29 h exposure time, ideal chlorophyll b at 0.54 h exposure time, and ideal sugar contents at 0.62 h exposure time. Ideal values of total chlorophyll and chlorophyll a were at 2 m distance when exposed to the lamp for a period of 0.39 and 0.42 h respectively. 3 m distance of the pots gave ideal values for leaf numbers when exposed to the lamp for 0.4 h, and fresh weight at 1h exposure time. At 4 m distance only the dry weight gave ideal value when the plant was exposed for 0.25h. Analysis of the data using RSA and SF programs, gave the illustrations of each character with the response to both time and distance, as shown in Fig. 5-14 . Meanwhile, the ideal length and exposure time for each character are calculated using ANN models, and listed in Table 2 . Table 2 shows that the best plant length can be given when the pots are put 1m distance from the electric lamp, with an exposure time of 25 min. One meter distance pots can give ideal sugar contents when exposed for 62 min, ideal carotene contents when exposed for 29 min and ideal chlorophyll b content when exposed for 54 min. Two meters distance from the electric lamp can give us ideal contents of chlorophyll a when Cucumber plants were exposed to the lamp for 42 min and ideal total chlorophyll when exposed to the lamp for 39 min. Three meters distance give ideal total numbers of leaves when exposed to the lamp for 4 min and ideal fresh weight when exposed to the lamp for one hour. Four meters distance from the lamp can give ideal leaf area and ideal dry weight are when exposed to the lamp for 25 min (Table 2) . 
Discussion
The continuous use of electric equipments and modern technology caused a lot of change in our biological processes and many questions arose in our minds about how much this technology will harm or benefit us. Many works such as Ref. [12] [13] [14] [15] [16] [17] [18] . have been done to answer these questions on both plants and animals or even human beings, but all of them have used high voltage electric supplies or either high or extremely low frequencies electromagnetic fields. In this work we used an ordinary electric incandescent light bulb, which is normally placed in anywhere, to investigate how much the biological processes of germinating seeds of Cucumber will be affected by short and regular times of exposure at different distances from the lamp. The results obtained revealed that plant length, leaf area and photosynthetic pigments are the mostly affected characters by the exposure to the lamp at all the distance. Meanwhile both dry weight and sugar contents do not change, significantly, than the control plants. These mean that plant morphology can be altered by the exposure to the electric lamp as obtained by Bugbee [4] where they found differences in radiation quality from the six most common electric lamps alter plant growth and internodes elongation. Fischer et al. [16] .Found that seedlings of sunflower and wheat plants when exposed to low frequency and force electric field found significant increases in total fresh weights, but dry weights and germination rates remained unaffected. These completely coordinate with our results and the changes happened in the increase in shoot length, leaf area and fresh weight by the exposure to the lamp, can be explained by the emission of heat energy from the incandescent light bulbs. This heat energy can ionize the molecules around the lamp and may cause a weak electric field around the lamp [3] . While the increase in the contents of chl.a in the 1 and 2 m, chl.b and total chl. at 1 m (1 & 3/4 h.) are due to the increase in photosynthetic rate by the direct exposure to the light as mentioned by Bugbee [4] .
The decrease in their amounts at 3 and 4 m may be due to the decrease in light intensity in long distance pots which cause biostimulation effects as mentioned by Kalinin [17] . The explanation of the insignificant effect of sugar contents in the treated plants can be due to the stress lie upon the plants which cause an increase in photosynthesis and in the same time increase in respiration in response to the stress happened.
The ANN models and Table 2 , in which the optimum distance and time of exposure to the 100 W electric lamp for each character show that the short time exposure in the four distance plants gave better values, except that in the fresh weight which give the best value at 3 m distance. These can be used to improve the status of the plants by using regular light supply with moderate exposure times as mentioned by Volk and Bugbee [19 & 20] . 
